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Abstract: Co-seismic ground-surface deformation of the Yushu earthquake on April14, 2010 is studied on the 
basis of interferometry principle by using InSAR images from ALOS PALSAR and ENVISAT ASAR pairs. The 
observed maximum line-of-sight displacement is 54 em, which is eqnivalent to a sinistral strike slip of 180 em 
on the surface. The location of macro-epicenter is very close to the epicenter determined by in situ investiga-
tion , suggesting that InSAR is an ideal tool for qnick identification of the macro-epicenter, and thus for timely 
disaster assessment after a destructive earthquake. 
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1 Introduction 
A Mw6. 9 earthqnake occurred at Yushu , Qinghai, 
China on April 14, 2010; it killed nearly 2700 people 
and injured over 10000[1,21 • Figure 1 shows the loca-
tions of the earthqnake , and the distribution of faults in 
the epicentrl region. 
After an earthqnake , it is important to locate the re-
lated surface rupture ( s) accurately and quickly to fa-
cilitate rescue and reconstruction , and for selection of 
sites for scientific monitoring. A quick method is the 
InSAR technology , which has been widely used in crus-
tal-deformation measurements for its wide-view field, 
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high accumcy, and all-weather operation[' _,J. In this 
study , we used this technology by analyzing ALOS 
PALSAR and ENVISAT ASAR images to investigate 
the co-seismic deformation fields and surface ruptures 
associated with the Yushu earthqnake. We also com-
pared the ioferred location of macro-epicenter with that 
of in situ measurements. 
2 Data 
Previous studies have shown that pairs of interferome-
ters with relatively short valid perpendicular baselines 
should be used for the purpose of high accuracy[•! . To 
extract information of the Yushu co-seismic deformation 
field , we selected two pairs ALOS P ALSAR and ENVI-
SAT ASAR[BJ with parameters shown in table 1. The 
ENVISAT ASAR pair with shorter baseline and tempo-
ral span is better than the ALOS P ALSAR pair, but it 
does not cover the entire area affected by the earth-
qnake. The ioformation fmm ALOS PALSAR pair with 
L-band is more affected by errors in baseline and extra-
DEM[o] , due to its longer perpendicular baseline, but 
less affected by vegetation canopy than ENVISA T 
ASAR with C-band. In this study, both pairs were 
No.4 Shen Qiang,et al. Co-seismic deformation of the 2010 Mw6. 9 Yushu earthquake from InSAR images 17 
96" 24' E 96" 36' E 96"48'E 97"00' E 
Figure 1 Location of Yushu earthquake and a Mw6. 0 aftershock ( red balls) and faults ( gray lines) 
Table 1 Basic parameters of interferometry( Here B-'- ,Bx ,B, represent valid perpendicular, 
horizontal, and vertical baselines, respectively) ( unit: m) 
code sensor date B-'- B. Br 
1 ALOS PALSAR 2010-01 -15 -2010-04-17 692.7 -840.9 -34.3 
2 ENVISAT ASAR 2010-02-15 -2010-04-26 11.9 -35.6 -80.7 
used simultaneously in order to validate each other, 
since no field survey was made while the satellites were 
overhead. Also, the scope of deformation measurement 
is larger when both two pairs are used. 
3 Analysis and results 
Figure 2 shows the deformation field derived from 
ALOS PALSAR measurements together with the loca-
tions of Yushu earthquake, a major aftershocks, and 
faults. The maximum positive and negative line-of-sight 
(LOS) displacements of 45 em ( 33° 3' 23. 25" N, 
96°51'27. OO"E) and -54.4 em, equivalent to nearly 
180 em offset on the surface , are located at 
33°4'15. OO"N and 96° 50' 14. 25"E, respectively. The 
location of the maximum negative displacement is close 
(370m) to the location of epicenter(33°3'11. OO"N, 
96°51 '26. OO"E ,from in situ investigation, according to 
the MLR' s report( star in Fig. 1). This close agreement 
suggests that the lnSAR technology is a useful method 
to quickly determine the macro-epicenter. The location 
of maximum displacement is about 6 kilometers south-
east of the epicenter seismically determined by Harvard 
university (red ball in Fig. 2) , and the difference may 
be attributed mainly to the aftershock occurrence. 
Figure 2 shows two other large deformation areas, 
indicating that the earthquake was associated with at 
least three surface ruptures. The maximum values of 
the other two large deformation areas are - 20. 37 em 
(33°12'53.57"N, 96°28'44.46"E) and -20.25 em 
(33°9'6. 33"N, 96°34'34. 69"E), respectively (gray 
diamonds in Fig. 2) . 
The three ruptures were interpreted on the basis of 
the InSAR-derived deformation fields. The lengths of 
the main rupture and the other two ruptures are 35 km, 
(blue line Fl-F1 'in Fig. 2) , 20 km ( F2-F2' ) , and 
8 km ( F3-F3' ) , respectively. The ruptures are nearly 
parallel to the fault trace at a distance of 1 - 3 km. The 
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fault is a sinistral strike-slip fault with no obvious verti-
cal displacement , according to seismic fault simulations 
and field investigation. The result of this study also 
shows a sinistral strip slip , because the displacements 
of the southern part are negative ( positive represents 
surface moving toward the satellite along line of sight) , 
meaning an eastward motion , while the northern part 
shows a westward motion. 
Figure 3 shows the LOS displacements along eight 
profiles ( gray lines in Fig. 2 ) perpendicular to the 
fault. The largest displacement is as much as 54 em , 
which occurred symmetrically within 10 km of the main 
rupture zone ( Bl-Bl'); the displacements were only 
2 em at distances larger than 10 km from the rupture. 
This narrowness of deformation zone suggests that the 
earthquake was mainly associated with surface ruptures 
having little vertical movement here. Along profiles 
CC' , DD ' , EE ' , FF' , GG' , and HH ' , the dis-
placements are non-symmetrically distributed, with am-
plitude 2 to 4 times larger in the southern part than in 
the northern part. This asymmetry may be due to the 
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occurrence of aftershocks which were located mainly in 
the southern part ( see black dots in Fig. 2 ) . Except 
the profiles of DD' and HH' , the curves in this figure 
are nearly vertical at the ruptures , indicating that the 
results from lnSAR can reflect correctly the characteris-
tics of surface deformation near surface ruptures. The 
non-vertical shape of profiles at the offsets of DD' and 
HH ' maybe related to the fact that the earthquake did 
not cause any large-scale ruptures on the surface. 
The LOS displacement field from ENVISAT ASAR is 
shown in figure 4. The maximum displacements of 
-15.9 em and -11.1 em shown as black diamonds in 
the figure are located at (96°35'46. 5"E , 33°9'28. 5''N) 
and (96°26'12. 53"E , 33°13'21. 37"N), respec-
tively ; these are about 2 km and 4 km from the corre-
sponding locations obtained from ALOS PALSAR. 
Also, both displacement fields from ALOS PLASAR 
and ENVISAT ASAR are quite similar; the small 
differences being caused by different geometry of 
spacecraft platforms. Their accuracies can be evaluated 
by some in situ measurements, if necessary. Taking all 
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Figure 2 Co-seismic surface deformation of Yushu earthquake from ALOS PALSAR. The gray lines represent the 
locations where displacement profiles in figure 3 have been extracted; the black sold lines indicate faults ; 
the diamonds show where the maximum displacements occurred 
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Figure 3 LOS displacements along the profiles 
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Figure 4 Co-seismic surface deformation of Yushu earthquake from ENVISAT ASAR 
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the above results into consideration , we think lnSAR is 
an ideal tool for the very important task of identifying 
the location of macro-epicenter in the efforts of disas-
ter assessment and reconstruction after an earthquake. 
4 Conclusions 
The surface-displacement field associated with the 
Mw6. 9 Yushu earthquake has been studied quickly 
with lnSAR technology. The results obtained by sim-
ultaneously using images from ALOS P ALSAR and 
ENVISAT ASAR pairs are consistent with each other. 
The observed maximum displacement is as much as 
1. 8 m on the ground surface , with the displacements 
in the southern part generally larger than those in the 
northern part. The macro-epicenter derived from ln-
SAR is consistent with that obtained from in situ sur-
veys. 
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